Abstract. Previous studies have demonstrated that microRNAs (miRNAs/miRs) act as tumor suppressors or oncogenes during multiple processes in cancer. It has been observed that miR-27b may act as a tumor-suppressor and was significantly downregulated in a number of types of cancer. However, the functions of miR-27b in gastric cancer (GC) remain unclear. The present study aimed to investigate the functional role of miR-27b in the progression of GC. The downregulation of miR-27b in human GC plasma was confirmed using miRNA microarray and reverse transcription-quantitative polymerase chain reaction analyses. The association between circulating miR-27b expression and clinicopathological features of GC was analyzed and the results demonstrated that the level of circulating miR-27b was significantly correlated with GC differentiation. Receiver operating characteristic curve analysis identified that the plasma level of miR-27b may be a potential biomarker for differentiating patients with GC from healthy controls. In order to investigate the effect of miR-27b on GC cell behavior, miR-27b was overexpressed using miR-27b mimics, and it was observed that miR-27b was able to inhibit cell proliferation and induce apoptosis in SGC7901 cells. Previous studies have demonstrated that vascular endothelial growth factor C (VEGFC) is a target of miR-27b, and the results of the present study were consistent with these reports. Taken together, the results of the present study indicated that miR-27b may act as a potential biomarker for differentiating patients with GC from healthy controls, and serve as a tumor suppressor in GC by targeting VEGFC.
Introduction
Gastric cancer (GC) is the fourth most prevalent type of malignancy and the second leading cause of cancer-associated mortality worldwide; GC exhibits its highest incidence rates in East Asia, Eastern Europe, and South America (1) . Over 70% of new cases and mortalities occur in developing countries (1) . The 5-year survival rate for patients with GC is <20% due to the frequently late diagnosis; when the tumor is diagnosed and treated at an early stage, the 5-year survival rate may reach 90% (2) . The majority of cases of GC are asymptomatic or cause nonspecific symptoms, which may lead to a delayed diagnosis. Approximately 80% of patients are diagnosed at the advanced stages in the majority of countries (3) . The conventional treatments for advanced GC, including chemotherapy, radiotherapy and surgery, are associated with poor outcomes (4) . Therefore, it is necessary to develop novel noninvasive biomarkers to improve early prognostic prediction, and to develop more effective treatment strategies for GC.
MicroRNAs (miRNAs/miRs) are 19-22-base small non-coding RNA molecules that regulate protein-coding gene expression via the degradation of target mRNAs, or repress translation by binding to the 3'-untranslated regions (3'-UTRs) of the target mRNAs (5) . Circulating miRNAs are stable under extreme conditions, including boiling, low or high pH, extended storage and freeze-thaw cycles (6) , indicating that they may serve as noninvasive biomarkers for the diagnosis of cancer and other diseases. Accumulating evidence has demonstrated that miRNAs are involved in various cellular processes, including proliferation, apoptosis, development, differentiation and metabolism (7) . miRNAs function as oncogenes or tumor suppressors and are aberrantly expressed in various types of malignancy, including pancreatic cancer (8) and GC (9) .
Previous studies have demonstrated that miR-23b/27b clustered miRNAs were markedly reduced in numerous types of cancer (10) (11) (12) . However, the potential role of miR-27b in GC remains unclear. Therefore, the aim of the present study was to determine the functional roles served by miR-27b in the development of GC and to elucidate the molecular mechanisms underlying the pathogenesis of GC. washing steps, and in situ hybridization, the slides were scanned using the Axon GenePix 4000B microarray scanner (Molecular Devices LLC, Sunnyvale, CA, USA). Scanned images were then imported into GenePix Pro 6.0 software (Molecular Devices LLC) for grid alignment and data extraction.
Materials and methods

Patients
Cell culture and transfection. The human GC cell line SGC7901 was purchased from Nanjing KeyGen Biotech Co., Ltd. (Nanjing, China). The cells were cultured in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in a humidified atmosphere with 5% CO 2 . SGC7901 cells (5x10 4 cells/ml) were transfected with the miR-27b mimic (miR-27b-3p mimic sequence 5'-UUC ACA GUG GCU AAG UUC UGC-3') or its negative control (5'-UUU GUA CUA CAC AAA AGU ACU G-3'; both Guangzhou RiboBio Co., Ltd., Guangzhou, China) using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol, at a final concentration of 50 nM. Following 24 h culture, transfection efficiency was monitored using reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis.
RNA isolation and RT-qPCR analysis. Total RNA was extracted from SGC7901 cells using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. Reverse transcription was performed with a reaction mixture of: 5x reaction buffer (2.0 µl), nuclease-free water (5.0 µl), enzyme mix Template (1.0 µl) and total RNA (2.0 µl). The reaction mixture was incubated for 60 min at 42˚C, heat-inactivated for 5 min at 95˚C prior to immediate cooling at 4˚C. The expression level of miR-27b-3p [mature sequence, 5'-UUC ACA GUG GCU AAG UUC UGC-3' (primer sequence unavailable); Takara Biotechnology Co., Ltd., Dalian, China] was assessed using miRCURY LNA™ SYBR ® Green master mix (Exiqon, Inc.). miR-16 [mature sequence, 5'-UAG CAG CAC GUA AAU AUU GGC G-3' (primer sequence unavailable); Takara Biotechnology Co., Ltd.] was used for normalization. The qPCR reaction system contained: SYBR-Green master mix (4.8 µl), PCR primer mix (1.0 µl), diluted cDNA templates (4.0 µl), ROX Reference Dye II (0.2 µl). PCR was performed with the following thermocycling conditions: 95˚C for 10 min, followed by 40 cycles of 95˚C for 10 sec and 60˚C for 60 sec.
For quantitative analysis of vascular endothelial growth factor C (VEGFC) mRNA expression, a RT-PCR kit (Takara Biotechnology Co., Ltd.) was used to amplify the target genes, according to the manufacturer's protocol. The expression level of VEGFC was normalized using β-actin mRNA levels. β-actin and VEGFC for RT-qPCR were synthesized by Takara Biotechnology Co., Ltd. The primer sequences were as follows: β-actin, forward (5'-3') GTA AAG ACC TCT ATG CCA ACA and reverse (5'-3') GGA CTC ATC GTA CTC CTG CT; VEGFC, forward (5'-3') AGC ACG AGC TAC CTC AGC AAG AC and reverse (5'-3') TTTAGACATGCATCGGCAGGAA. The relative expression levels were calculated using the comparative 2 -ΔΔCq method (13) .
Cell proliferation assays. SGC7901 cells were seeded in 96-well plates (5x10 3 cells/well). Following culture at 37˚C for 24, 48 and 72 h, respectively, an MTS assay was performed. A total of 20 µl reagent (CellTiter 96 AQueous One Solution Reagent; Promega Corporation, Madison, WI, USA) was added into each well and incubated for 4 h at 37˚C in a humidified atmosphere with 5% CO 2 . The absorbance was recorded at 490 nm using a 96-well plate reader. The proliferation analysis experiments were performed in triplicate.
Cellular apoptosis analysis. SGC7901 cells were seeded in 6-well plates at a density of 10 5 cells/well. A total of 24 h subsequent to transfection, SGC7901 cells were stained with Annexin V-fluorescein isothiocyanate and propidium iodide (Bestbio, Shanghai, China), according to the manufacturer's protocol. Apoptosis rates were analyzed using Guava EasyCyte Mini System with Cytosoft version 1.2 (EMD Millipore, Billerica, MA, USA). The experiments were repeated three times.
Statistical analysis. All statistical analyses were performed using SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). The Mann-Whitney U test was used to compare the differences in plasma miR-27b level between the patients with GC and the healthy controls. A receiver operating characteristic (ROC) curve and the area under the ROC curve was used to assess the utility of miR-27b expression levels in distinguishing patients with GC from the healthy controls. All values were presented as the mean ± standard deviation. Statistical analysis was performed using one-way analysis of variance, differences among specific means were assessed by the least significant difference post hoc test. P<0.05 was considered to indicate a statistically significant difference.
Results
miRNAs are expressed differentially between patients with
GC and healthy controls. miRNA microarray profiling was performed in 5 GC and 3 healthy control plasma samples. Hierarchical clustering analysis based on the miRNA expression pattern indicated a significant difference between GC plasma and the matched healthy controls. It was observed that 17 miRNAs were significantly upregulated in GC plasma and 64 miRNAs were downregulated compared with the healthy controls (Fig. 1) . 
Expression of miR-27b is downregulated in GC plasma.
To verify the microarray data, RT-qPCR was used to compare the expression of miR-27b between 46 samples of GC plasma and 40 samples of healthy control plasma. miR-16 expression was used as an internal reference to normalize the RT-qPCR data (14) . As presented in Fig. 2 , it was observed that the expression level of miR-27b was significantly decreased in GC compared with healthy controls. The results of the microarray analysis were consistent with those from RT-qPCR.
Plasma miR-27b correlates with clinicopathological features in GC.
The association between circulating miR-27b expression and clinicopathological features of GC is summarized in Table I . The results demonstrated that the level of circulating miR-27b was significantly correlated with differentiation (P=0.029). However, there was no correlation of miR-27b expression with other clinical features, including age, gender, tumor size and invasion (all P>0.05).
Diagnostic value of circulating miR-27b. ROC curve analysis indicated that the plasma level of miR-27b is a potential biomarker for differentiating patients with GC from healthy controls, with a ROC curve area of 0.724 (95% confidence interval=0.618-0.831; P=0.0004) (Fig. 3) . When the threshold value for miR-27b was 0.0495, the sensitivity was 76.1% with a specificity of 60%.
Overexpression of miR-27b was examined by RT-qPCR analysis.
In order to investigate the role of miR-27b in GC cells, miR-27b was overexpressed using miR-27b mimics, and the expression of miR-27b was determined by RT-qPCR analysis. The results of the present study demonstrated that the expression of miR-27b in the blank control, negative control and miR-27b mimics groups were 0.022±0.104, 0.016±0.005 and 1.493±0.179, respectively. There were ~67.87-fold and ~91.60-fold increases in miR-27b levels in SGC7901 cells transfected with miR-27b mimics compared with the blank control and the negative control, respectively (P<0.05; Fig. 4 ). 
miR-27b overexpression induces GC cellular apoptosis.
In order to evaluate the tumor-suppressing potential of miR-27b, SGC7901 cells were transiently transfected with miR-27b mimics or negative control miRNA. Flow cytometric analysis demonstrated that apoptosis in SGC7901 cells transfected with miR-27b mimics was significantly increased compared with cells transfected with the negative control or untreated cells (Fig. 5) , suggesting that miR-27b may induce cellular apoptosis. These results indicated that miR-27b may function as a tumor suppressor in human GC development by inducing apoptosis.
miR-27b overexpression suppresses GC cell proliferation.
In order to evaluate the effects of miR-27b overexpression on cell proliferation, miR-27b mimics or negative control were transfected into SGC7901 cells. An MTS assay demonstrated that miR-27b mimics induced a significant inhibition of cell proliferation compared with the negative control and blank control on the 3rd day ( Fig. 6 ; P<0.05). Furthermore, a cell growth curve assay additionally demonstrated that miR-27b mimics inhibited cell growth (Fig. 6 ).
miR-27b inhibits the expression of VEGFC.
Previous studies have demonstrated that VEGFC is a target of miR-27b and it can be inhibited by miR-27b (15, 16) . In order to confirm that miR-27b represses VEGFC expression in SGC7901 cells, RT-qPCR analysis was performed in the present study, and it was observed that transfection with miR-27b mimics led to a significant decrease in VEGFC level (P<0.05; Fig. 7 ).
Discussion
GC is a lethal malignancy worldwide (17) . Due to the nonspecific symptoms of the early stages of GC, diagnosis is frequently delayed. The 5-year survival rate of GC is <20% (12) . Therefore, it is necessary to understand the underlying molecular mechanisms and progression stages of the disease, and to investigate novel therapeutic targets. Numerous studies have demonstrated that the abnormal expression of miRNAs serve a pivotal role in carcinogenesis and cancer progression (10) (11) (12) 18) . Circulating miRNAs are able to withstand harsh conditions (6) . Therefore, miRNAs may serve as predictive biomarkers and therapeutic targets for GC.
miR-27b located on chromosome 19p13 which is belongs to the miR-23b/miR-27b cluster (14) . miR-27b has been reported to act as a tumor suppressor in certain types of human malignancy, including neuroblastoma (17) , clear cell renal cell carcinoma (18) , pancreatic cancer (19) and lung cancer (20) .
In the present study, it was demonstrated that miR-27b expression was significantly downregulated in the plasma of patients with GC, and it was demonstrated that decreased expression of miR-27b was associated with poor differentiation. Overexpression of miR-27b inhibited cancer cell proliferation and induced apoptosis in SGC7901 cells. VEGFC belongs to the platelet-derived growth factor family, and is a potent inducer of lymphangiogenesis by activating the vascular endothelial growth factor receptor 3 signaling pathway (21) . The present study confirmed that VEGFC may be inhibited by miR-27b. The results of the present study demonstrated that miR-27b may be a candidate tumor suppressor by inhibiting VEGFC in GC. Previous studies have demonstrated that VEGFC is a target of miR-27b (15, 16) . miR-27b was observed to be downregulated in colorectal cancer, and overexpression of miR-27b repressed colorectal cancer cell proliferation, colony formation and tumor growth by targeting VEGFC (17) . Downregulation of VEGFC in lung and colon cancer cells led to a significant inhibition of tumor growth and metastasis (18) . VEGFC is therefore an attractive target for the development of novel anticancer strategies.
Overexpression of VEGFA and VEGFC in GC has been demonstrated to correlate with prognosis, and their silencing may effectively inhibit cancer growth (22) . VEGFC was highly expressed in the gastric tumor tissues obtained in the present study. Additionally, the expression of VEGFC was correlated with the pathological staging of GC. The growth of gastric tumor cells was significantly inhibited by transfecting with an antisense VEGFC gene (23) . Various studies have demonstrated VEGFC can induce lymphangiogenesis (24) (25) (26) . Overexpression of VEGFC has been observed to increase leukemic cell proliferation in a dose-dependent manner by inducing the expression of apoptosis regulator Bcl-2 and increasing the Bcl-2/apoptosis regulator Bax ratio (27) .
In the present study, it was observed that miR-27b significantly decreased VEGFC mRNA expression, inhibited cancer cell proliferation and induced apoptosis in SGC7901 cells. Therefore, it is possible that VEGFC is associated with lymphangiogenesis in addition to cell proliferation and apoptosis.
In conclusion, the results of the present study demonstrated that plasma miR-27b was downregulated in GC. The plasma level of miR-27b is a potential biomarker for the differentiation between patients with GC and healthy individuals. Upregulation of miR-27b suppressed cell proliferation and induced apoptosis in GC cell lines. Blocking the VEGFC signaling pathway may prove to be an effective treatment for GC by targeting GC cells in addition to the neovasculature. The results of the present study suggested that miR-27b may be a potential biomarker and molecular therapeutic target for GC.
